Background-Prior work indicates that therapeutic trials funded by for-profit organizations are more likely to report positive findings than trials funded by not-for-profit organizations. What impact, if any, funding source has on subsequent dissemination of trial data is uncertain. To address this issue, we used the number of citations per publication per year to assess differences in trial dissemination according to funding source. Overall, the median number of citations per publication per year was 46 for trials funded exclusively by for-profit organizations, 37 for trials jointly funded, and 29 for trials funded by not-for-profit organizations (Pϭ0.0007). Higher citation rates for trials funded by for-profit organizations were consistently observed in analyses stratified by journal and various trial design features and were most striking when the new intervention was favored over the standard of care; in this subgroup, the median number of citations per publication per year was 52 for trials funded by for-profit organizations compared with 25 for trials funded by not-for-profit organizations (Pϭ0.0006).
M ajor therapeutic trials funded by for-profit organizations are more likely to report positive findings than trials funded by not-for-profit organizations, 1 suggesting that incentives within for-profit organizations may influence outcomes in clinical trials. However, the impact of any individual trial result on physician behavior is dependent not only on initial publication but also on the subsequent dissemination of results to the medical community. For example, a recent study demonstrated that active propagation of current guidelines for the management of ST-elevation myocardial infarction significantly increased the use of evidence-based therapy, subsequently improving the outcome of patients. 2 
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The citation rate of an article in the medical literature is viewed as a measure of its dissemination. 3 Previous studies have shown that several factors influence the number of citations for a given publication, the strongest being the impact factor of the publishing journal. 4 Citation rates also may depend on study design, sample size, or medical subspecialty to which the article applies. [5] [6] [7] However, few studies have addressed whether the funding source of a clinical trial has an impact on the citation rate of its publication. 5 This is an important issue, given that for-profit organizations have more resources than governmental funding agencies to effectively and selectively disseminate the results of their studies.
To address this issue, we surveyed all cardiovascular clinical trials published in the Journal of the American Medical Association, The Lancet, and the New England Journal of Medicine between 2000 and 2005 and sought data on funding source, trial outcome, and subsequent citations in the medical literature.
Methods

Study Design
We evaluated a consecutive series of 349 randomized trials in cardiovascular medicine published between January 1, 2000, and July 30, 2005, in Journal of the American Medical Association, The Lancet, or the New England Journal of Medicine. 1 Trials were included if they represented the primary report of the trial itself or were a major secondary report based on additional end points that could be critically evaluated on the basis of the randomization process.
One of the authors (D.C.) searched the Institute for Scientific Information Web of Science database to extract the number of citations for each individual trial (www.isinet.com) unaware of either trial outcome or funding source. For each publication, the publication date, publication journal, total number of citations, and number of citations per calendar year were ascertained through December 31, 2006. This date was chosen to ensure an identical closure date for all trials and all potential citation sources. To evaluate whether the citation system used had any impact on outcomes, analyses were repeated with Google Scholar.
A second author (J.T.) reviewed each publication unaware of trial outcome and citation rate and extracted information about funding sources, categorizing trials into 1 of 4 groups: those financed exclusively by federal, state, or other not-for-profit foundations (not-for-profit trials); those financed exclusively by for-profit pharmaceutical or device manufacturers (for-profit trials); those financed jointly (not-for-profit and for-profit); and those for which no source of funding was provided. Trials financed in their entirety by federal, state, or foundation support for which drugs or devices were donated without charge were considered not-for-profit trials.
The third author (P.M.R.) reviewed each clinical trial unaware of the funding source and citation rate and classified all trials into 1 of 3 categories: those for which there was clear evidence of a statistically significant benefit in favor of the newer treatment over the standard of care (SOC); those for which no statistically significant difference between SOC and newer treatment was observed; and those for which there was a statistically significant benefit in favor of the SOC over the newer treatment. Trials were further evaluated according to study design (superiority trials versus others), sample size, number of sites (single center versus multicenter), end-point type (clinical versus surrogate), and whether the treatment of interest was a drug, a device, or any other intervention (eg, behavioral intervention or novel procedure). 1 Of the 349 trials reviewed, 25 (7%) were equivalence trials and were excluded from analysis. Of the remaining 324 superiority trials, 303 (94%) provided evidence of funding source (not-for-profit, not-for profit and for-profit, or for-profit funding) and thus were included in this analysis.
Statistical Analysis
Characteristics of the trials according to funding source were compared by use of Wilcoxon rank-sum tests for continuous variables and 2 tests for categorical variables. Numbers of citations are presented as median (interquartile range [IQR]) unless indicated otherwise. To account for differences in time since publication, we calculated the number of citations per publication per year (total number of citations up to December 31, 2006, divided by the difference in years between the publication date and December 31, 2006) as the principal outcome variable. To evaluate the consistency of the results, we repeated all analyses using the total number of citations per article up to December 31, 2006, assuming that the funding source should not influence the publication date. We used the Kruskal-Wallis test to compare the citation rates across categories of funding source. Stratified analyses were performed according to the outcome of the primary end point (new therapy worse than the SOC, no difference between new therapy and the SOC, new therapy superior to the SOC), the journal in which the trial was published, sample size (Ͻ400, 400 to 2000, Ͼ2000 participants), type of end point used (clinical versus surrogate), and type of intervention (drug trial, device trial, other).
Finally, we compared the proportion of publications across funding source categories for the 50 most frequently cited publications and the 50 least often cited publications with that of the corresponding 253 remaining trials using 2 tests. All analyzes were carried out with SAS version 9 (SAS Institute Inc, Cary, NC). A 2-tailed value of PϽ0.05 was considered to indicate statistical significance.
The authors had full access to and take responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Characteristics of the 303 superiority trials stratified by funding source are shown in Table 1 . As published previously, trials funded by for-profit organizations more often reported positive results than trials funded by not-for-profit organizations (67.2% versus 49.0%). 1 For the study population as a whole, the median number of citations per publication was 135 (IQR, 64 to 269) during a median follow-up time per publication of 4.1 years (IQR, 2.8 to 5.4 years). Thus, the median number of citations per publication per year was 36 (IQR, 18 to 66). As anticipated, there was significant variation in the median number of citations per publication per year according to journal (New England Journal of Medicine, 46; The Lancet, 32; Journal of the American Medical Association, 24; PϽ0.0001), sample size (Ͻ400, nϭ24; 400 to 2000, nϭ35; Ͼ2000, nϭ54; PϽ0.0001), type of end point (clinical, nϭ43; surrogate, nϭ24; PϽ0.0001), type of study (multicenter, nϭ40; single center, nϭ18; PϽ0.0001), and type of intervention used (drug, nϭ40; device, nϭ49; other, nϭ28; Pϭ0.002) ( Table 2) . Table 2 presents the number of citations per publication per year according to trial characteristic and funding source. The median number of citations increased from 29 (IQR, 14 to 51) per publication per year for trials funded by not-for-profit organizations to 37 (IQR, 21 to 71) for trials jointly funded to 46 (IQR, 22 to 81) for trials funded exclusively by for-profit organizations (Pϭ0.0007). This trend was consistent across all of the subgroups evaluated, with 1 notable exception; specifically, trials funded by for-profit organizations were cited more than twice as often than trials funded by not-forprofit organizations among studies when the trial outcome significantly favored the new treatment over the SOC (52 versus 25; Pϭ0.0006). In marked contrast, no such differential excess of citations according to funding source was observed when the new treatment was significantly worse than the SOC; in this setting, studies funded by for-profit organizations were, if anything, cited significantly less often than trials funded by not-for-profit organizations (33 versus 41; Pϭ0.048).
We repeated these analyses using the total number of citations per publication rather than the citation rate per year and observed almost identical results (Table 3) . In this analysis, the median number of citations increased from 103 (IQR, 50 to 195) per publication for trials funded by not-forprofit organizations to 133 (IQR, 52 to 280) per publication for trials jointly funded to 164 (IQR, 88 to 314) per publication for trials funded exclusively by for-profit organizations (Pϭ0.0006). Similar to the findings reported in Table 2 , we again found evidence of a differential citation rate by funding source according to whether the outcome was in favor of the new treatment or not. We also observed that the increased citation rate for trials funded by for-profit organizations is independent of the year of publication (Table 3) . On a posthoc basis, we found no evidence that country of origin altered these results.
Of the 50 most frequently cited trial publications (range, 89 to 739 citations per year), 31 (62%) were exclusively funded by a for-profit organization, 10 (20%) were jointly funded, and 9 (18%) were funded exclusively by a notfor-profit organization (Pϭ0.015). Thus, 23% of the forprofit trials, 16% of the jointly funded trials, and 9% of the not-for-profit trials were among the 50 most frequently cited studies. Among the 31 trials funded by for-profit organizations in this subgroup, 28 (90%) favored the new treatment, 3 (10%) found no difference between treatments, and none favored the SOC. In contrast, of the 9 trials in this highly cited subgroup funded by not-for-profit organizations, 3 (33%) favored the SOC, 4 (44%) favored the new treatment, and 2 (22%) found no difference between the 2 treatment groups.
Of the 50 least frequently cited trial publications (range, 0 to 14 citations per year), 16 (32%) were funded exclusively by a for-profit organization, 6 (12%) were jointly funded, and 28 (56%) were funded exclusively by a not-for-profit organization (Pϭ0.002). Thus, 12% of the for-profit trials, 10% of the jointly funded trials, and 27% of the not-for-profit trials were among the 50 least often cited studies.
Our primary findings were not altered when we used Google Scholar rather than the Institute for Scientific Information Web of Science. The number of citations per paper per year was highly correlated in these 2 citation tracking systems (Spearman rϭ0.91).
On a posthoc basis, we found 3 examples of trials dealing with related topics that were published side by side in the same journal, and in each case, the for-profit trial was subsequently cited more often than the not-for-profit or jointly funded trial. For example, in 2001, 2 trials of radiation to prevent restenosis after coronary stenting were presented side by side. One (for profit) was cited 56 times per year for a total of 333 citations, whereas the other (not-for-profit) was cited 24 times per year for a total of 142 citations. 8, 9 Similarly, in 2002, 2 analyses of novel indications for cardiac pacing were presented simultaneously. One (for profit, surrogate end point) was cited 152 times per year for a total of 696 citations, and the other (jointly funded, hard clinical end point) was cited 40 times per year for a total of 181 citations. 10, 11 Finally, in 2001, 2 trials of ␤-blockers for heart failure were presented side by side. One (for profit, positive trial) was cited 134 times per year for a total of 746 citations; the other (jointly funded, negative trial) was cited 48 times per year for a total of 269 citations. 12, 13 
Discussion
These data indicate that cardiovascular clinical trials published in the Journal of the American Medical Association, the New England Journal of Medicine, and The Lancet between 2000 and 2005 were significantly more likely to be cited in subsequent medical publications if funded by for-profit rather than not-for-profit organizations. This discrepancy in citation rate between for-profit and not-forprofit trials was most prominent when the trial outcome favored the new intervention over the SOC. In contrast, among cardiovascular clinical trials in which the outcome significantly favored the SOC over the new intervention, studies funded by for-profit organizations were cited less frequently than those funded by not-for-profit organizations.
The present study expands previous observations that cardiovascular trials funded by for-profit organizations are more likely to report a positive finding. 1 In line with previous studies, these data demonstrate that commercial incentives have the ability to influence not only the initial trial outcomes but also subsequent dissemination of clinical trial results. In this regard, among the 50 most cited studies in our analysis, 62% were exclusively funded by a for-profit organization, and 90% of these significantly favored the new treatment.
The present study results emphasize that beyond the requirement of clinical trial registration, 14, 15 further steps may be needed to ensure equal dissemination of trial results independently of funding organization. The recently introduced public-access policy of government-funded research in the United States 16 may be a step toward increasing the availability and dissemination of its research. 17 However, our data indicate that more active steps are needed to further increase the dissemination of research funded by not-forprofit organizations and that these steps need to be considered on an international basis. Previous work evaluating funding source and subsequent citation rates is scarce but consistent with our observations. 5, 18 Some prior studies also may have been somewhat limited in their ability to avoid confounding by factors known to affect citation rates, including area of investigation, outcome of trial, and journal of publication. To avoid these confounding effects as much as possible, we elected in the present analysis to evaluate only superiority trials in 1 medical specialty that were published in high-impact journals with rigorous review, and we further stratified citation rates according to several important trial characteristics. We also found differential effects on citations according to funding source in 3 sets of side-by-side publications that dealt with similar topics.
We suspect that there are several mechanisms through which for-profit organizations are able to increase dissemination of study results that are not available to not-for-profit organizations. First, study results may be selectively propagated to thought leaders through the dense network of sales representatives who are in regular contact with academic physicians. 19 Similarly, dissemination of favorable study results during sponsored sessions at scientific meetings may selectively increase knowledge among thought leaders of certain publications at the expense of others. Second, forprofit organizations have a greater ability to ensure media coverage of their research, which has been shown to increase the citation rate by up to 73%. 20 Third, for-profit organizations are likely to invest greater resources to increase the number of secondary publications for a given trial, further increasing exposure for the primary article. 21 For-profit organizations also are more likely to support favorable review articles, journal supplements, and promotional materials on an "author-for-hire" basis. 22, 23 Finally, it has been shown that financial relationships between industry and scientific investigators are associated with an increased likelihood of a pro-industry conclusion. 24 -26 These same financial ties may lead to selective citations of studies favoring for-profit organizations. Our study may be limited by the fact that we were not able to exclude self-citations or citations that derived from secondary articles. However, when we repeated our analyses using an alternative citation system, similar results were obtained.
Although the present study provides evidence that trials funded by for-profit organizations are cited more often than trials funded by not-for-profit organizations, it is noteworthy that the single most frequently cited trial in our analysis was the National Institutes of Health-funded Women's Health Initiative (WHI), which demonstrated that among healthy postmenopausal American women, hormone replacement therapy has more health risks than benefits. 27 This report has been cited Ͼ700 times annually since its publication in 2002, a rate almost 60% higher than any industry-funded trial in our analysis. Thus, the WHI provides reassuring evidence that at least in some settings, not-for-profit findings can be widely disseminated. Unfortunately, the WHI was a major outlier in our data and may be an exception that in part proves the rule; in our survey, this not-for-profit trial was virtually unique in that its publication was accompanied by a substantial publichealth educational campaign, akin to that more commonly observed for trials funded by for-profit entities.
Sources of Funding
